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Abstract: We investigate the semileptonic hyperon decays within the framework of the 
self-consistent SU(3) chiral quark-soliton model (xQSM). We take linear l/Nc rotational 
as well as linear corrections into account and apply the symmetry conserving quanti- 
zation. We present the results for the form factors fi{Q'^), /2(Q^) and gi{Q'^) in addition 
to the semileptonic decay constants of hyperons. We also have calculated the radii and 
dipole masses of these form factors for all relevant strangeness-conserving and strangeness- 
changing transitions. 
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1. Introduction 

In the Standard model, the Cabibbo-Kobayashi-Maskawa matrix elements \Vud\ and \Vus\ 
characterize the transition amplitudes for light hadron processes involving the quark tran- 
sitions d ue~V(. and s — > ue~V(. ||l|, |2|. At present, the semileptonic kaon and vr^ 
decays ^ provide the most precise measurement of the product \ Vus • /+(0)| with /+(0) 
being the kaon vector form factor. Generally, the Ademollo-Gatto theorem [|[ states that 
the linear-order flavor SU{2>) breaking effects vanish in the vector matrix elements between 
hadron states in the same multiplet. This enables us to extract Vus from kaon decays with 
high accuracy. On the other hand, the semileptonic hyperon decays (SHD) can be also used 
for an independent determination of Vus and Vud [P> 0]i where the product of \Vus ■ /i(0)|, 
/i(0) being the hyperon vector form factor, is accessed. Reference Q has suggested to use 
recent experiments to compare the Vus from the kaon with the SHD data. 

Motivated by a recent progress in this field, we review in the present work the investi- 
gation of the semileptonic hyperon form factors in the chiral quark-soliton model (xQSM). 
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Since the first results from the xQSM on this issue, several new experimental and theo- 
retical works have been developed. The KTeV collaboration first reported the measurement 
of the 'B^ — > T,~^e~17(, decay followed by the first determination of these form factors 
pO| ]. They published for this process the ratios /2(0)//i(0) = 2.0 ± 1.2stat i 0.5syst and 
5i(0)//i(0) = 1.32+g;^73tat ±0.05syst- Very recently, the NA48/1 collaboration reported 
branching ratios for the same process with improved statistics, compared to the KTeV ex- 
periments, and announced gi{0) / fi{0) = 1.20±0.05 for — > S"^e~z7e 111]- This particular 
SHD are interesting, since in flavor SU{3) symmetry the gi/fi ratio is equal to that of the 
neutron P decay. The isospin partner process H~ —>■ TPe~V was investigated in Ref. |12|, 
where the ratio 5i(0)//i(0) = 1.25lQ'Jg is presented together with the results for A pe~v 
and H~ — > Ke^V. References Q invstigated Ke~u as well as A ^ pe^u. 

On the theoretical side, chiral perturbation theory (xPT) is used to gain information 
about flavor S'C/(3) breaking effects to /i(0) beyond the first order [15, 17, 18], where 
other form factors of SHD have been also investigated. The results for Vus and SHD data 
were discussed in Ref. |19| and for the large Nc expansion in Ref. |20|. Very recently, 
Ref. 1 21 1 has also reported the first quenched lattice QCD study for all form factors of the 
S~ nlu decay, in which the results were found to be: /2(0)//i(0) = —1.52 it 0.81 and 
5i(0)//i(0) = -0.287± 0.052. In addition, Ref.|2|] presents a study of SHD in a relativistic 
constituent quark model. We will see that our results are in qualitative agreement with 
these works as well as with the above mentioned experimental data. 

In the present work we will investigate the vector fi{Q'^), /2(Q^) and axial- vector 
form factors for strangeness-conserving and strangeness-changing SHD in the self- 
consistent SU(3) xQSM. Since the form factors fsiQ'^) and QziQ"^) are always multiplied 
by a factor of rrie/MB in the transition amplitude, they can be safely neglected. The value 
of the form factor 52 (Q'^) at Q'^ = vanishes in exact SU(3) symmetry. Reference Q 
presented in 1998 the SHD constants /i(0), /2(0) and (71(0) within the same framework of 
the xQSM. However, since then new experimental data as well as new theoretical results, 
some mentioned above, have been progressed and, moreover, Ref. [^3| proposed in the 
xQSM the symmetry-conserving quantization that makes the Gell-Mann-Nishijima relation 
well satisfied. We extend, therefore, in this work the previous investigation to the full form 
factors up to < IGeV^ with the symmetry-conserving quantization employed [23|. We 
take into account linear 1/Nc rotational corrections as well as linear corrections. 

A merit of the xQSM lies in the fact that we are able to calculate various unrelated 
baryonic observables within the same setting, once having determined the eigenvalues of the 
xQSM one-particle Dirac Hamiltonian. These eigenvalues were obtained by diagonalizing 
the Hamiltonian numerically with a self-consistent meson profile of the soliton, which is 
found in an action principle of minimizing the nucleon mass in the xQSM. The same 
eigenvalues were used in the past for investigating the mass splittings of the SU(3) baryons, 
form factors, and parton- and antiparton-distributions p^. 



27, p 



31, 32, 33 



34| , |35[| , all relevant sum rules of these observables being simultaneously fulfilled. Nearly all 
observables are in good agreement with experimental data showing errors between (10 ~ 
30) %. In particular, the dependence of all form factors on the momentum transfer is well 
reproduced within the xQSM. References |35, ^ have used the same set of fixed parameters 
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as in the present work to investigate the strange electromagnetic form factors and the 
parity-violating asymmetries of polarized electron-proton scattering. In particular, the six 
electromagnetic form factors and three axial- vector form factors G^''^'*(Q'^) were 

calculated and are all in good agreement with experimental data. The vector and axial- 
vector form factors used in these xQSM-works are the basis for the present investigation. 
In addition, the same techniques were recently used for calculating observables of the anti- 
decuplet pentaquarks [37, 38 1. The results describe well the experimental data avalilable 



so far, though their relevance is controversially discussed. 

The present work is sketched as follows. In Section II, we present the general formalism 
for the SHD. In Section III, we show how to compute the observables of SHD within the 
selfconsistent SU(3) xQSM. In Section IV, we present and discuss the obtained results. 
In the final Section, we summarize the present work and draw conclusions. Additional 
detailed formulae are given in Appendices. 

2. General Formalism 

The decay rates for the SHD processes Bi B2lT'i are determined by the transition matrix 
element M.Bi^b-21Vi that is generally written as 

Mb,^b,w, = ^V {B2\Jl^\Bi)ui{pi)-i^{l-^'')uv,{pu). (2.1) 

where Gp denotes the well-known Fermi coupling constant and V = Vudiyus) stand for the 
Cabibbo-Kobayashi-Maskawa angles for AS" = (AS" = 1) processes, respectively. It is the 
hadronic matrix element {B2\J^r\Bl) that will be considered in this work for the AS" = 
transitions within the baryon octet: 

n^p, S-^A, E-^E°, (2.2) 

and AS* = 1 transitions 

S-^n, A^p, H-^A. (2.3) 

All other transitions are related to these ones by isospin symmetry, of which the relations 
are given in the Appendix. The transition matrix elements for these two types of transitions 
are written explicitly as 

{B2{p2)\J^mBi{Pi)) = (i?2(P2)|V^(0)7'^(l-7')^(A^^^^±iA2(5))v^(0)|i3i(pi)),(2.4) 

where A-^^^''^''^'^ are flavor SU(3) Gell-Mann matrices. Thus, we need to consider the 
following matrix elements for the vector current: 



(S2|jrii?i) = {B2{p2)\mi''^m\Bi{pi)) 



XX 
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and for the axial- vector current: 

— r 

{B2\r/\B^) = {B2[p2)\mi''i''^m\Bi{pi)) 



Mb, 

Mb, 



75^ni(pi),(2.6) 



where the form factors are normahzed to the mass Mb, of the decaying particle. The 
form factors are known to be the real functions of the momentum-transfer = —q^ with 
q = P2 — Pi- We concentrate on the form factors fi^^^iQ"^), /^^^^(Q^) and gf^^^iQ"^)- 
The fi^^^Q'^), gi'^^iQ"^) and 92'^^ (Q^) are neglected since the first two are always 
suppressed by a factor of {rrie/MB)'^ due to q^ in the cross section and the latter one is 
entirely due to the SU(3) symmetry breaking that is small for the octet baryons. We will 
first determine the SHD constants at = and the radii of these form factors for the 
transitions mentioned above. In order to calculate these form factors, we will use the rest 
frame of the decaying baryon Bi, i.e. pi = (Mbi,0), p2 = {E2,q), where we have the 
kinematics 

q-2=r:i Br B2^ E2 = - ^ ^. 2.7 

^ V 2Mb, ^ ' 2Mb, 



For the matrix element of the vector current given in Eq. ( |2.5D , it is more convenient in the 
present scheme to calculate the Sachs-type form factors G^^^^((5^) and G^j^^ (Q^), since 
they are directly related to the matrix elements of the time and space components of the 
vector current as follows: 



da 



= / ^{B2{p2)\4mBi{pi)), (2. 



-j^fy^{B2{p2)\4mBi{pi)), (2.9) 

where G^'^^(Q^) is multiplied by the proton mass Mp. This gives in the rest frame of Bi 
by explicitly applying those projections to the right-hand side of Eq.( |2.5| ) for equal initial 
and final baryon spins: 

G^^^^(Q^) = iV/f ^^^(Q^) - /f-^-(Q^)^ ^ + fi^''HQ')^N, (2.10) 



Mb,E2 + Mb^ ^ 'Mb, 

E2 + Mbo 



G^'^m = ^^\frHQ') + fi''HQ')^^^ (2.11) 



with = y/{E2 + Mb2)/{2Mb2)- The Mb, in the denominator comes from the nor- 
malization of f2^^^{Q^) and /^^^^(Q^). The operators applied on the time and space 



components of the vector current in Eqs.( ^^ , p.9 ) are the same that project out the normal 
Sachs form factors Ge{Q'^), Gm{Q'^) in the case of, e.g., the proton electric and magnetic 
form factors. 
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In order to extract the form factors gf^^^iQ'^), it is helpful to contract the spacial 
component of the current in Eq.(2.6), multiplying by g x (qx, and to perform afterwards 
the average over the orientation of the angular momentum. Choosing the initial and final 
baryon-spins to be equal, we extract gi^^^{Q'^) from the third spacial component. 

X (q X {B2{p2)\JAmBi{pi))) = A^<7f ^^(Q')(-)^qVl2^</'si, (2.12) 
Qi'^'^iQ^) = ^(-)^^ l^qx^QX {B2{p2)\JAmBi{pi))) ^. (2.13) 
3. The Form factors in the Chiral Quark-Sohton Model 



In this Section, we show briefly how to compute Eqs.(|2]|j2]|,^) in the SU(3) xQSM 



For details we refer to Ref. ||2J, |4^, |3^, |4^. In general, the baryonic matrix elements are 
expressed by 

{B2ip2)\J''H0)\B,ipi)) = {B2{p2)\mO^>'m\Bi{pi)), (3.1) 



where the explicit form of C"^^ are found in Eqs.(2.8,2.9, 2.13| ). In order to evaluate the 



matrix elements in the model, we start from the low-energy effective partition function 
defined as follows: 

^xQSM = j Vi^Vij^VU exp - j d^xijUD{U)'ilj = J VU exp{-Scs[U]), (3.2) 

where tp and U denote the quark and pseudo-Goldstone boson fields, respectively. The S^g 
stands for the effective chiral action expressed as 

S,s{U) = -NcTr\niDiU), (3.3) 

where TV represents the functional trace, Nc the number of colors, and D the Dirac differ- 
ential operator in Euclidean space: 

D{U) = -f^{ip -in- MU"'^) = -id^ + h{U) - 5m. (3.4) 

We assume isospin symmetry and decompose the current quark mass matrix into m = 
diag(m, m, ms) = m + 6m with m and as the average of the up- and down-quark 
masses and strange quark mass, respectively. The 6m is given by 

6m = MijH + M87^A^ (3.5) 

where Mi and Mg are singlet and octet components of the current quark masses defined 
as Ml = (— m -|- ms)/3 and Mg = (m — ms)/\/3. The ^4 designates the derivative with 
respect to the Euclidean time and h{U) stands for the Dirac single-quark Hamiltonian: 

h{U) = i7S*5» - -i'^MW' - 7^m. (3.6) 
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For the chiral field , we assume Witten's embedding of the SU(2) soliton into SU(3) 



f^su,3, = ? (3.7) 



with the SU(2) pion field ■n{x) as 



= exp(i7VV*(x)) = ^-^^[7 + - — '^U\ (3.8) 



The integration over the pion field in Eq.( |3.2| ) can be done by using the saddle-point 
approximation in the large Nc limit due to the Nc factor in Eq. (|3.3| ). In order to find the 
pion field that minimizes the action in Eq.(p.3|) and to calculate Eq.( |3.lD , we make the 
following Ansatze. The SU(2) pion field U has the most symmetric form known as the 
hedgehog form: 

C/su2 = exp[i75n • rP(r)], (3.9) 

where P{r) is the radial pion profile function. 

The baryon state is defined as an loffe-type current consisting of valence quarks 

\B{p)) = lim -^e'P^''* j d'^xe'P-'' jUx)\Q), 



where the matrix p^ -^^c carries the hyper-charge Y, isospin /, I3 and spin J, J3 quantum 
numbers of the baryon. The hi and f3i denote the spin-flavor- and color-indices, respectively. 
Thus, we can write the baryonic matrix element of the quark current as follows: 

{B2{p2)\J'"^{<S)\Bi{pi) = 4 lim e-*^'2i+*ptl f d^x'd^xe'P' ^'-'P^-''' 

d'^x'ipUD{U)ij 



T 

— , X 

2 ' 



X exp 



(3.11) 



Taking J^^{0) = 1 in Eq.( 3.1l| ), we get the nucleon correlation function from which we 



can obtain the expression for the classical nucleon mass in the limit of T ^ 00. The self- 
consistent soliton profile Pc{r) in the saddle-point approximation is found by minimizing 
the nucleon mass in the xQSM, i.e., by solving numerically the equation of motion coming 
from 6Seff/5P{r) = 0. 

Since the soliton does not have good quantum numbers for rotations as well as trans- 
lations, we need to quantize it. This can by done by the zero- mode quantization as follows: 

U{x, t) = A{t)Uc{x - z{t))A\t), (3.12) 

where A{t) denotes a unitary time-dependent SU(3) collective orientation matrix and z{t) 
stands for the time-dependent translation of the center of mass of the soliton in coordinate 
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space. A detailed formalism can be found in Refs.|24, 39|. Taking the zero-modes into 
account, we find the Dirac operator in Eq.(3.4) in the following form: 

D{U) = T,it)A{t) [d{U,) + im - Tl^)Tzit) - il^A\t)5mA{t)\ T](,)At(t), (3.13) 

where the Tz{t) denotes the translational unitary operator and the 0(f) represents the 
soliton angular velocity defined as 



^l = -iA^A = -^TV(yltiA")A° = ^fl^A". 



(3.14) 



Assuming that the soliton rotates and moves slowly, we can treat the Q{t) and T]^f^^-^Tz(t) 
perturbatively. Moreover, the strange current quark mass rh is regarded as a small param- 
eter, so that we also deal with 6m perturbatively. The collective baryon wavefunction on 
the level of Eq.( |3.1l| ) is then introduced as 

1 



{'R.*;Y'JJ'i)\^) ■" 



lim 



-p4'T/2 



|d3n'e^P'-'(r^-^-^)*n,l^,[^t,^(t.')^t]. (3.15) 



Having expanded and quantized the soliton, we obtain the following collective Hamilto- 
nian |^]: 

-f^coU = -f^sym + -f^sb , (3.16) 

where i^sym and H^h represent the SU(3) symmetric and symmetry-breaking parts, respec- 
tively: 

1 ^ 1 ^ 



^ 1=1 ^ a=4 

1(8)^ 



i^.b = =MiS5^(2) + aD'iiiA) + /3y + ^Z)g)(A)J,. (3.17) 

The Mc denotes the mass of the classical soliton and /j and Ki are the moments of inertia of 
the soliton |24], of which the corresponding expressions can be found in Ref. |43| explicitly. 
The components Jj denote the spin generators and J a correspond to those of right rotations 
in flavor SU(3) space. The Sgu(2) is the SU(2) pion-nucleon sigma term. The Dgg (^4) and 
D'°>{A) stand for the SU(3) Wi gner D functions in the octet representation. The Y is the 
hypercharge operator. The parameters a, /3, and 7 in the symmetry-breaking Hamiltonian 
are expressed, respectively, as follows: 



a = =^M8S5^(2)-^M8^, /3 = M8^^/3, 
"T. V3 ^ ^ V3 



K2 
h 



K2 
h 



7 



2V3M8 ( ^ - ^ ) . (3.18) 



I 



The collective wavefunctions of the Hamiltonian in Eq.( |3.16 ) can be found as the SU(3) 
Wigner D functions in representation TZ: 



{A\n,B{YIh,Y'JJ3)) = ^gl^'5j3)(^) = v/di^(-)^3+y'/2^(J> 



{Y,I,l3){-Y',J-J3) 



(A). 
(3.19) 

The Y' is related to the eighth component of the angular velocity 0, that is due to the 
presence of the discrete valence quark level in the Dirac-sea spectrum. Its presence has no 
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effect on the chiral field, so that it is constrained to be Y' = —Nc/3 = — 1. In fact, this 
constraint allows us to have only the SU(3) representations with zero triality. 

Due to flavor SU(3) symmetry breaking the collective baryon states are not in a pure 
representation but get mixed with other representations. This can be treated by first-order 
perturbation for the collective Hamiltonian: 



\Br) 



11' 



{Bn' \ Hsh \ B'R.) 



M{n')- M{n) 

Solving Eq.( |3.20| ), we obtain the collective wavefunctions for the baryon octet: 
\Bs) = |8i/2, + 4ITO1/2, i?) + 4|27i/2, i?), 



where the mixing coefficients cS- and c^y are defined as 



CjQ = Cio 

in the basis [A^, A, S, H] with 
^10 = ~ 



Vb, 0, \/5, 



15 V 



cfr = C27 



Vq, 3, 2, Vq 



"+ 2^)' 



C27 



h ( 1 

— a 



25 V 



6 



7 



(3.20) 



(3.21) 



(3.22) 



(3.23) 



We are now in a position to evaluate the baryonic matrix elements such as Eq.(3.1 



I.e. 



to solve Eq.( |3.11 ) with a certain expression of i7^^(0) given. We have now the general 
expression for the baryonic matrix elements as follows: 



(i?2(j^2)|V'^(0)O'^^V(0)|i?i(R)) 



dA j d^z e''i-^^!*B^{A)g>'^{z)^!BAA)e^^" , (3-24) 



where dA and d^z arise from the zero-mode quantizations and the expression Q^^{z) con- 
tains the specific form factor parts. We have used again the saddle-point approximation 
and expanded the Dirac operator with respect to and 5m to the linear order and T^^^^ Tz(^t) 
to the zeroth order. Defining ^7^-^(0) and contracting the Lorentz index in Eq.( 3.24| ) ac- 
cording to Eqs.( p^ , p^ ,2.13), we get the final expressions in the xQSM for the vector form 
factors as follows: 



and axial-vector form factors as 



dhjoi\q\\z\){B2\gU^)\B,), 
^^-^i^(i52|al,(z)|5i). 



(3.25) 
(3.26) 



d^z 



M\z\\q\) {B2\gUz)\Bi)-V2Trj2{\z\\q\) (Ssl^^af (2)}io|Si) , (3.27) 



where jo,i,2 denote the spherical Bessel functions. The expressions g-^{z), Q\f{z) and 
^^q(jz), {I2 ® ^1 (^)}io can be found in Appendix The expansion in Q and 5m provides 
the following structure of the form factor structure: 



(ml), op. 



~,(mi),wf/ 
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where the first term corresponds to the leading order {^^,m^), the second one to the first 
1/Nc rotational corrections (0^,m^), the third to the linear m<j corrections coming from 
the operator, and the last one to the wavefunction corrections, respectively. 

In the whole approach we take only orders of ©(m^) and 0{ml) into account for 
the expression Q^^^ and consider only the zeroth order 0{m^) for the expression e*'''^ in 
Eq.( p.24 ). In the xQSM, we may write the masses of the baryon octet as 



= Mb^ + const • rus (3.29) 



with ~ 0{Nc), so that the second term is of order 0{Nj^,ml). Inserting Eq.( 3.2S| ) 



in the definition of the momentum transfer in Eq.( p.7D and neglecting all terms of higher 
order than 0{m^), we get 

which means that for each transition form factor the momentum dependence turns out to 
be 

hiMM^l) ^ hiMVo^l^l) ■ (3-31) 

In order to get the baryonic matrix element in the form of Eq.( ^.24 ), we have used the 
large Nc limit. Taking also the limit oi Nc ^ oo on the RHS of Eqs.( |2.1C , 2.11| ), we obtain 
the following relations: 

^- = ^- + 2l^ + ^(^")' 



Eb + Mb 



2Mb 
1 Nq^ 

Mb, E2 + Mb^ 



1 + 0{N~'), 

0{N-^) + 0{N~\ml), 



Mb, 

2MpN _ 2Mp{l + 0{N-'^)) _ Mp 



(3.32) 



E2 + Mb, 2Mb, (1 + 0{Nc^)) Mb, ' 
so that the vector form factors calculated in the xQSM via Eqs.( |3.25 , 3.26| ) corresponds to 



G^'^^Q"^) = f^'^'iQ'^) (3.33) 



G^^Q') = ^ fr'^^^m + /^^i"^(Q^) --^^ . (3.34) 



Mb, 



BiB,f^2^ , fB,B,(r^2\MB, + Mb, 



Mb, 



The factor of 1/A^ in Eq.(2.13) reduces to 1 because of the same arguments. 



In the xQSM Hamiltonian of Eq.(|3.6D, the constituent quark mass M is the only free 



parameter and M = 420 MeV is known to reproduce very well experimental data |29, 40 



35, Though the M = 420 MeV yields the best results for the baryon octet, we will 
present also those for M = 400 MeV and M = 450 MeV to see the M dependence of the 
results in this work. Throughout this work the strange current quark mass is fixed to 
rus = 180 MeV. In order to tame the divergent quark loops, we employ in this work the 
proper-time regularization. The cut-off parameter and m are fixed for a given M to the 



-9- 



Table 1: Moments of inertia and mixing coefficients for M = 420 MeV. 



/i[fm] /2[fm] i^i[fm] M S^tv [MeV] Cj^ c^-j 
1.06 0.48 0.42 0.26 41 0.037 0.019 



pion decay constant f^^ and m,r; respectively. The numerical results for the moments of 
inertia and mixing coefficients are summarized in Table |l] for M = 420 MeV. The results 
in Table ^ are obtained with the same parameters used in previous works |35, 44, 45 1. 



We want to emphasize that all model parameters are the same as before. In previous 
works, the axial-vector form factors for the nucleon were already calculated. The axial- 
vector constants g\,g\ were found to be g\ = 1.176 and g\ = 0.36 which is in very good 



agreement with experimental data 5^ = 1.267 ± 0.0029 [||] and g\ = 0.338 ± 0.15 |7|. 



With these numerical parameters, the xQSM yields the masses of the octet baryons in unit 



of MeV as Ref. g: 



Mn = 1001(939), Ma = 1124(1116), Ms = 1179(1189), Me = 1275(1318), (3.35) 

where the numbers in the parentheses are the experimental values of the Particle Data 
Group |46]. The xQSM values were obtained by first calculating the hyper-charge splittings 



with Eq.(3.16) and using the experimental octet mass center of Mg = (Ma + Ms)/2 



1151. 5MeV. 

4. Results and Discussion 

In the present work, we consider linear corrections. According to the Ademollo-Gatto 
theorem Q SU(3) symmetry-breaking effects contribute to the matrix elements of the 
vector current between the states in the same SU(3) multiplet earliest at second order in 
mg. Since we restrict ourselves in the present investigation to first order in iris, we have for 
fi^^^{0) only the SU(3) symmetric results. The SHD constants in the xQSM were already 
investigated in Ref. Q. The constants of gi{0)/ fi{0) were also discussed in the xQSM 
formulated in a Fock representation on the light cone [^]. In the present work we will 
extend the earlier work by considering the full form factors of fi{Q'^), /2(<5^) and giiQ"^) 
up to < IGeV^ and also taking into account the symmetry-conserving quantization. 
The symmetry-conserving quantization was found after the publication of Ref. |§ and does 
also have effects on the SHD constants. 

4.1 SHD vector form factors 

We now present the results for the vector transition form factors fi^^^{Q'^) and f2^^^{Q'^) 



in the xQSM, for which we have the following relations from Eq.( 3.33] ): 



Mb, 



Mb, + Mb^ 



Mp 



(4.1) 
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We first discuss the results of the SHD constants at = 0. Due to the expressions 

Jd^zB{z) = 3, J j d^zli{z) = 1, j d^zK^iz) = 1, jd^zC{z)=0, (4.2) 



we see that Eq.( |3.25 ) with Eq.( [A.l| ) and the corresponding coefficients in Appendix |C| give 
the following values: 



/r(o) = 1, /r"(o) = 1, 
/r^(o) = 0, /^(o) = y|, 
/r^°(o)=^/2, /r'°w = 7f' 

/r^"(0) = l, /f-A(o) = y|. (4.3) 

Since we only take linear nis corrections into account the rrig corrections both from the 
operator and from the wavefunction add up to zero at = which is the consequence of 
the Ademollo-Gatto theorem. 

In the case of the SHD constants /2(0), Eq.(p6|) for Gf/^'(0) is involved. This 



expression contains explicitly a factor of Mp. The proton mass in the xQSM turns out to 
be 1.36 times larger than the experimental proton mass, i.e. 

is a well understood property of the xQSM [^], whose consequences we cure as usual in 
the following way. We will calculate Eq.( |3.26| ), which is a pure model expression, with 
the soliton-nucleon mass. However, having determined the G^j^^(O), we will then use 
experimental values for further calculations, such as calculating /^^^^(O) in Eq.( [4.lD . The 
used experimental masses are given in units of GeV as follows: 

Mp = MN = 0.939, Ma = 1.116, 

Me = 1.186, Mh = 1.318. (4.4) 

Results for the constants /f^^'(O), Gfl^^{0) and /2^^^'(0) are given in Table I for the 
constituent quark mass of M = 420MeV. We find that the constants are not sensitive to 
M. In Ref.|^] it was found that linear m<j corrections to the form factor /2 are sizable 
for some transitions, explicitly for the transitions S~ — > T,^ and H~ — > T,^. Due to the 
application of the symmetry-conserving quantization the absolute values of the transition 
constants are changing but the effects of the corrections on this work are comparable to 



those in Ref. In the case of Gm{0), we have used the soliton-nucleon mass in Eq.( 3.34 ) 
while we have employed experimental masses for Eq.( |4.1| ). 

We compare our present results of the ratios (/2(0)//i(0))^i-^2 with those of Refs.|^|^ 
In Ref. 1^, the following relations are used: 

//2(0)\"P_ Mn {Kp-Kn) //2(0)\^'" _ Mg- (^p + 2k„) 

\fi{0)) Mp 2 ' V/i(0); Mp 2 

/,(0)sS-A^ M^-Kn fl //2(0)\Ap^ MAKp 

/i(0); Mp 2 V 2' l/i(0); Mp 2 ' 
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Table 2: Results for /f'^'(O), Gf/^'(0) and fi^^^iO) in the self-consistent xQSM for the 
constituent quark mass of 420 MeV. We show the results with and without linear TOs corrections. 
The SHD constants fi^^^{0) do not acquire any hnear rus corrections. The superscript [SU(3)] 
indicates the SU(3) symmetry conserving approximation. The final results are given in the column 
/i(0) and in the columns with superscript [m^ + 771^]. The SU{3) anomalous magnetic moments of 
the nucleons in the xQSM are obtained as Kp — 1.47 and k„ = —1.64. 



(0) Gf^iO) 



G 



.SU(3) 
M 



/i(0) 



^SU{3) 



(0) 



/2 



•(0) 



n ^ p 
S- ^ A 




1 



1 



2^^V ^n) — 1.55 

-^JlKn = 1.00 
75(Kp + |Kn) =0.46 
= -0.90 



V2 
1 



2 \ 2/^' 



1.57 
1.24 
0.78 
-1.07 



S ^ n 
A ^ p 



1 2^^P ~^ '^^n) 



-0.90 



'3 
2 

1 

2 



0.90 



-0.96 
0.87 



2V2^ 



1.10 


1.44 


-0.10 


-0.04 


Mh- 


[Kp — Kn) 


Mp 


2 


Ms- 


(/tp -|- Kn) 


Mp 


2 



/l(0)^ 
/i(0) 



Ms- (2Kp Kn) 

Mp 4 

Ms- (Kp + 2Kn) 
~Wr, 2 



^(0)\ = 
/i(0) 

/i(0) 



where the experimental anomalous magnetic moments are given as Kp = 1.793 //tv and 
Kn = — 1.91^Ar with /i^v being the nuclear magneton. In Table ^, we compare our final 
results for (/2//i)'^^^^ with those of the Cabibbo model in SU{'i) as well as with those in 
Ref.|^. As for the constants /2(0), the ratios (/2//i)'^^^^ show strong contributions as 
found in Ref. Q. Prominent are the transitions TP and rT TP . Experimental 

data on the SHD (/2(0)//i(0)) ratios are available only for three transitions: — > n, 
K ^ p and rP | ]5l| , |5^, 10|. We can use the following isospin relations given in 

Appendix 



V2 



for both /2^^(0) and /f^(0), so that we have the results as listed in Table 



/r^(o) = i, 



J 2 xQSM 



1.56, 



h xQSM 



'(0) = 2.02. 



(4.5) 



(4.6) 



Comparing our results with the experimental data as shown in Table ^ we find that they 
are in good agreement with the data. 

We now consider the SHD form factors for finite up to < IGeV^ by starting with 
jBiB2 ^Q2y rpj-^g form factors are depicted in the left panel of Fig.|^. In general, the form 
factors fi^^^iQ"^) do not show any significant dependence on the constituent quark mass 
M in the range of M = 400 MeV to M = 450 MeV. Due to the Ademollo-Gatto theorem, 
the linear corrections vanish exactly at = 0. For finite Q^, linear rUs corrections are 
negligible for all transitions. Only for the T," A transition, they contribute to the form 
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Table 3: Results for the ratios [hi fi)^^^'^ ii^ the self-consistent xQSM for the constituent 
quark mass 420 MeV. In the second column, the results of the Cabibbo model (CM) are listed, 
while in the third column those of the xQSM Q without the symmetry-conserving quantization 
are presented. The next two columns list the results of the present work without and with 
corrections. The final results are given by xQSMj^o_(_,„i . Experimental data are taken from 
Refs. 



/2(0)//i(0) 


CM § + d 


XQSM5Lr(3) XQSM„o+„i 


Experiment 


n — > p 
S- ^ A 1 


1.85 1.85 
1.17 1.33 
0.42 0.52 
-1.01 


1.55 1.57 
1.00 1.24 
0.33 0.55 
-0.90 -1.08 




n 
p 


-1.02 -1.01 
0.90 0.79 

1.85 1.73 
-0.06 -0.09 


-0.90 -0.96 
0.73 0.71 

1.56 2.02 
-0.08 -0.02 


-0.96 ±0.15 
1.32 ±0.81 

r) (-,±1.2(stat) 2 
-^•^iO.SCsyst) 



factor by about 10%. We fitted the xQSM results of the /f'^'((3^) form factors, usmg a 
dipole-type parameterization: 

' (1±Q7M|J2' i^-O 

where the radius of fi^^^{0) is given by {tj-^)'^ = 12/M|^ fm^. The dipole masses Mj^ are 
listed in Table |^ for M = 420 MeV with linear m<j corrections. Reference gives a dipole 
mass of M''!^ = 0.84 ± 0.04 GeV, while the present result is Mj^^ = 0.752 GeV. The dipole 
mass of the electric proton form factor within the same scheme as used in the present work 
is Mj^^^ = 0.779 GeV whereas the empirical dipole mass is M'^p 0.710 GeV. Thus, 
the dipole mass of the n ^ p SHD form factor is very similar to that of the proton electric 
one. 

As for the SHD G^j^'^ {Q'^) form factors, the linear corrections turn out to be small. 
In particular they are almost negligible for the AS" = and contribute to the A5 = 1 
transitions by about (5 ~ 11) %. This is due to the fact that each term in the linear nig 
contributions interferes each other destructively. The dependence on the constituent quark 
mass M is also very weak. The form factors Gm and /2 can be also parameterized in the 
dipole form as follows: 



/2 (0) 

^^^-(1 + Q2/m2^^)2' h (1+Q2/M|^,2- i4.8j 



The results of the corresponding dipole masses are listed in Table Q for M = 420 MeV. 
The radii are given by {rcj^i)"^ = 12 /Mq^^ and (rj^)'^ = 12/M|^. The full form factors are 
presented in the lower panel of Fig.|l]. 
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Table 4: Dipole masses and radii of the SHD form factors /i, Gm, and /2 in the self-consistent 
xQSM for Af — 420 MeV with hnear corrections taken into accomit, i.e. xQSM^o^^i. 





M/j [MeV] 


(r? ) [fm^l 


[Me VI 


(rr ) [fm^l 


Mf, [Me VI 


(r? ) ffm^l 


n - 




752 


0.826 


842 


0.659 


871 


0.616 


- 


A 






844 


0.656 


862 


0.629 


s- - 




807 


0.717 


847 


0.651 


887 


0.594 




^ ^0 


865 


0.624 


832 


0.675 


844 


0.656 




n 


882 


0.600 


860 


0.632 


874 


0.612 


A- 




804 


0.723 


857 


0.636 


896 


0.582 




-.SO 


766 


0.796 


862 


0.629 


889 


0.591 




A 


842 


0.659 


865 


0.624 


506 


1.824 



It is also of great interest to compare the present results with the recent investigation 

4^ 



of /^^^^(O) and {tj^)'^ for the AS* = 1 transitions in xPT to order 0{p 



[52[. As shown 



in Table |5|, they are in good agreement each other except for the H ^ transition. 



Table 5: Comparison of the final results of xQSM,„o+„i for (r/^)^ and /2(0) with those of xPT 
to order 0{p^) [^ in which the normalization is given as /2(0) — n^^. 





Vfm^ 


XPT 


xQSM 


J2 


^^(0) 


XPT 


xQSM 




n 


0.72 


0.60 


s~ 


— > n 


-1.00 


-0.96 


A 


-^p 


0.70 


0.72 


A 


-^p 


0.88 


0.88 






0.77 


0.80 




-^TP 


1.90 


1.43 




^ A 


0.65 


0.66 




^ A 


-0.05 


-0.03 



4.2 SHD axial-vector form factors 

We present now the results of the SHD axial-vector form factors Qi^^^ {Q"^)- The SHD 
axial-vector constants are insensitive to the constituent quark mass M. Varying M from 
400 to 450 MeV, they are changed just by about 5 %. The linear corrections turn out to 
be also small. Figure ^ depicts the SHD axial- vector form factors Qi^^^^Q'^) for all relevant 
processes. The dipole parameterization is used for fitting the axial-vector form factors in 
the xQSM: 

^1 ^- (i + gVM|j2' ^^-^^ 

where the corresponding radius is again given as (rgi)2 = 12/M2^. The axial- vector con- 
stants and dipole masses are given in Table ^ In flavor SU(^ symmetry, the axial-vector 
part of the SHD can be characterized by two form factors F{Q'^) and D{Q^) that are 
related to the proton triplet and octet axial- vector form factors: 

g\iQ^) = FiQ^) + D{Q^), 

g\{Q^) = l={3F{Q')-D{Q')). (4.10) 
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Figure 1: SHD form factors f^'^HQ^) and /2^'^'(Q^) in the self-consitent xQSM for M = 420 
MeV with hnear TOj corrections taken into account. In the upper panel, the form factors for the 
AS* transitions are drawn and in the fower panel those for the As = 1 transitions are depicted. 



The triplet and octet axial- vector constants 9^(0) and g\{0) have been already calculated 
explicitly in the xQSM [^] by using exactly the present formalism. The corresponding 
values of F and D are given below, where linear rUg corrections are taken into account: 

g\{0) = 1.16, F(0) = 0.446, ^(0)*^^^ = 0.462 ± 0.008, 

g\{0) = 0.36, D{0) = 0.714, D{OY''p = 0.804 ± 0.008. (4.11) 

In Table ^, the final results of the ratios (9i(0)//i(0))^^'^^ are listed with and without 
linear mg-corrections considered and are compared with the experimental data. Note that 
these ratios were also investigated in the xQSM without the symmetry-conserving quanti- 
zation |§] and in the infinite momentum frame in flavor SU{3) symmetry. T he flavor 
iS'C/(3)-symmetry breaking contributions are negligible and the effect of the symmetry- 
conserving quantization is moderate. 

It is also interesting to consider the ratio of A ^ pe^V to T," — > ne^V, since it is 
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Table 6: Results of the SHD axial-vector ^ ^(0) constants and dipole masses M^^^^ in the 
self-consistent xQSM for M = 420 MeV. The first two columns show the results without and with 
nis corrections, respectively. The third column shows those calculated in SU{3) symmetry by using 
the results of the proton and g^ constants in the xQSM. The dipole masses are given in units 
of GeV with linear rus corrections taken into account. 



51 (0) 


xQSMguo) 




xQSMguo) 


Mg,/GeV 


n ^ p 


1.16 


1.18 


F + D = 1.16 




1.04 


S- ^ A 


0.58 


0.60 


^JlD = 0.58 




1.04 




0.63 


0.65 


V2F = 0.63 




1.04 




-0.27 


-0.27 


F-D = -0.27 




1.05 


S- ^ n 


-0.27 


-0.27 


F-D = -0.27 




1.05 


A — p 


0.83 


0.83 


y^(F + £>/3) =0.84 




1.06 




0.82 


0.82 


y^(F + L>) = 0.82 




1.06 




0.25 


0.26 


- D/Z) = 0.25 




1.05 




0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 

Q2 [GeV'] Q' [GeV'] 



Figure 2: SHD axial-vector form factors g^^^^ (Q^) in the self-consistent xQSM for M = 420 MeV 

with linear nis corrections taken into account. In the left and right panels, the form factors for the 
AS = and AS' = 1 transitions are drawn, respectively. 



known experimentally. The comparison can be found in the following: 

{gi/fi)[A^pe-u] 



(5i//i)P ^rie v] 



= -2.52, Exp.: - 2.11 ± 0.15. (4.12) 



The result is in qualitative agreement with the data. 

In flavor SU{3) symmetry, the transitions H*' Yj'^e~V(. and n pe~i'e are identical 
except that the valence d quarks arc replaced by s quarks in the initial and final state 
baryons, respectively. In this case, only the CKM matrix elements become important to 
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Table 7: Results for the ratios {gi/fi)- The first two columns show the results of this work with 
and without corrections, where our final results are given by xQ^^m°+m^ ■ The other two 
columns correspond to those of the xQSM in the Fock representation on the light cone [Q and to 
those of the old xQSM |^ without symmetry conserving quantization, respectively. Experimental 

data are taken from Ref. Q For the ^ A decay the value of W | • 5^ ^(0) is hsted. 



9i/h 


xQSMsuo) xQSM„o+„i 


IMF 1 


4|] '98 




Exp. 


n ^ p 
S- ^ A 


1.16 1.18 
0.71 0.73 
0.45 0.46 
-0.27 -0.27 


1.156 1.42 1.2695 ± 0.0029 
0.686 0.91 0.720 ±0.020 
0.470 0.55 
-0.215 


n 
p 


-0.27 -0.27 
0.68 0.68 
1.16 1.16 
0.20 0.21 


-0.215 -0.31 -0.340 ±0.017 
0.699 0.73 0.718 ±0.015 
1.156 1.29 l-25l[J:J6 
0.242 0.22 0.25 ±0.05 



distinguish these decay amplitudes. Experimental values for the H*^ Ti'^e~i>f, decay are 
available from Ref. |l^ and recently also from Ref. ||ll| . The extracted value of gi / fi for 
— > S+e~I^ is presented as 

= l-22-o:?7stat ± 0.05,y3t, {ai/fiY^^^^^ = 1-20 ± 0.05. (4.13) 
In the present work with SU (3)-symmetry breaking, we obtain the following result: 

gi/h) = (V2-gi/{V2- fi)) =(V2-gi/l) =1.16, (4.14) 
which is close to the above experimental data as well as to the values of gi/ fi for n pe~i>e 

)np / \ np 

= 1.2695 ±0.0029, <7i//i =1-18, (4.15) 

exp. V / xQSM 

showing explicitly that nis contributions to the SHD are small. 

In Ref. the CKM matrix element Vus was extracted within a large approach. 
The SHD form factors /i, /2 and gi were fitted to experimental decay rates, angular 
correlation, and asymmetry coefficients. The present work is consistent with the val- 
ues presented in Ref. |2^]. Very recently, a lattice study of the S~ — > nlu decay was 
performed [^]. A polynomial extrapolation to the physical point yields the value of 
5i(0)//i(0) = —0.287 ± 0.052 with 52(0) = 0. The corresponding result of the present 
work in Table ^ is (7i(0)//i(0) = —0.27, which is consistent with the lattice one. The 
authors of Ref. also computed 52 (0) and obtained a rather large value of g2 (0) / /i (0) = 
+0.63 ±0.26. They calculated \ {gi — 0.13352)//i| = 0.37 ±0.08 which is in good agreement 
with the experimental value of \ {gi — 0. 133(72 )//i I = 0.327 ± 0.007stat ± 0.019syst extracted 



in Ref. |51]. The 52 (Q ) could also be calculated in the xQSM and in this way one could 



check if also there a scenario with a large 52(0) comes out. In Ref. [22|, the SHD were 



investigated in a relativistic quark model, the results of the present work are compatible 
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with those of Ref. [||]. The dipole mass was extracted in Refs. i, H: Ma = 1.08 ± 0.08 
GeV for the n ^ p decay and Ma = 1.25 GeV for AS = 1 decays. References 56| 
presented Ma = 0.96 GeV for the AS = decays and Ma = 1.11 GeV for AS = 1. The 
corresponding results of the present work are given as Ma ~ 1.04 GeV and Ma = 1.06 
GeV. 



5. Summary and Conclusion 

In the present work we investigated the semileptonic hyperon decays (SHD) within the 
framework of the self-consistent SU(3) chiral quark-soliton model. We take into account the 
linear rotational 1/Nc corrections as well as linear corrections and employ the symmetry- 
conserving quantization. In particular, we calculated the SHD vector form factors fi{Q'^) 
and /2(Q^) and axial-vector form factors gi{Q^) for all relevant decays in the baryon octet. 
Since fsiQ'^) and QsiQ'^) are always multiplied by a factor of {nie/MB)'^ in the transition 
amplitudes, we neglected them. The form factor 52 (Q^) was neglected, assuming that it is 
very small. 

The chiral quark-soliton model has been applied for many years successfully to various 
obseervables in the hadronic and partonic sector. All numerical parameters of the present 
investigation are the same as in previous works and were fixed by only four basic pion and 
nucleon observables. A self-consistent soliton profile is used in order to solve numerically 
for eigenvalues of the xQSM single-particle Hamiltonian. These eigenvalues were then used 
for calculating every form factor of the present work. 

We first discussed the results for the SHD constants at = of the form factors /i 
and /2, see Table ^for the final results. Since we only consider the linear mg-corrections, we 
have the flavor-S'C/(3) symmetric results for /i(0), which is a consequence of the Ademollo- 
Gatto theorem. Our values of /2//1 agree qualitatively with those of the Cabibbo model 
without and with S'f7(3)-symmetry breaking as well as with experimental data, see Table ^ 
for the final results. Especially, the SHD constants for the S~ — > n and H'^ S"'" processes 
agree very well with the new experimental data. The corrections to /2(0) for both 
the AS* = and AS = 1 transitions turn out to be sizeable in accrodance with previous 
calculations in the xQSM. The vector radii and dipole masses were listed in Table ^. The 
dipole mass for the n — > p decay was obtained as M^^ = 0.752 GeV which is comparable 
to those in the literature. The AS* = 1 constants /2(0) and radii of fi{Q'^) in the xQSM 
do also agree with a calculation in chiral perturbation theory to order O(p^). 

Second, we discussed the SHD constants and dipole masses of the axial-vector form 
factor 51 (<5^), see Tables |6| and ^ for the final results. The dipole masses for the AS = 
decays turned out to be Mg, = 1.04 GeV and for the AS = 1 decays Mg, = 1.06 GeV. 
The results of the SHD axial-vector constants of the present work are in good agreement 
with calculations done in the Fock state representation of the xQSM on the light cone. 
Various nis corrections in the form factor gi{Q'^) destructively interfere, so that the total 
nis corrections become rather small. The application of the symmetry-conserving quanti- 
zation reduces the rus corrections even further. The first determination of (51 //i) for the 
process S~ — > nlv on the lattice yielded a value of —0.287 ib 0.052, while the present work 
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gives —0.27. In addition, the chiral quark-soliton model reproduces very well the recent 
measured value of (51//1) = 1-20 it 0.05 by the NA48/I collaboration. Overall, the chi- 
ral quark-soliton model with the present techniques reproduces the existing experimental 
data very accurately. Since the chiral quark-soliton model is the simplest current quark 
model showing spontaneous breaking of chiral symmetry the present calculation shows how 
important this effect is for the physics of light baryons. 
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A. Form Factors in the xQSM 



The electric density in Eq.( |3.25| ) is given by 



D 



B{z) 



2 

T2 



J2 8a -^xa- 

4M8Dg)^£)/C2(;^) 



(A.l) 



and the magnetic density in Eq.( |3.26|) by 



1(8) 



1(8) n(8) 



M^{z) 



—M^Df^D^^lMiiz) + 2V^M^D(^}Df^dai>^M2{z). 



(A.2) 
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The axial- vector density in Eq.( |3.27 ) is given by 

2 Kr 



2 

7! 

2 



3^/3 h 
1 , , „(8) n(8) 



(A.3) 



The exphcit expressions for S(z),Xi(z), • • • , J[z) can be found in the following Appendices 
for each form factor. The baryon matrix-elements, such as {B'\D^^\B) , are evaluated by 



using the 5'C/(3) group algebra |5^, ^| 



{B'T^,\Dl„XA)\Bn) 



dimT^' 
dimT^ 



(-1) 



(-1) 



n 



-Y^S' -S'.m -YsS - Ss 



(A.4) 



with Q = YII3. (• • • ) denote the SU{3) Clebsch-Gordan coefficients. The results for all 
transitions in Eqs.(|2.2|,^) are listed below. 



B. Form Factor Densities 

B.l xQSM Electric Densities 

The electric densities are 
1 



N, 



B{z 
li{z 



Nr ^ 



1 



C{z 
}Ci{z 



ipl{z)ip^{z) - ^^sign(e„)(/.J,(2;)0„(2;), 

n 

\ X] Z — (^k'l'^)</'n(^)T-'</'i'(^) + TX]''^3(en,em)(n|r*|m)(/)J„(2:)r^0„(2:), 

Z — {'n^\'")(t>l{z)(t>no{z) + T X] ^3(en,emo)(/)J^o(z)</'n(2:)(ra|m°), 

X] — Z — <Pl{z)(t)n{z){n\-f^\v) + -^(n|7°|m)(/)J„(2;)(/)„(z)7^5(e„,em), 
\ E ^^(H7V|n)4(.^)r•'04^) + iJ](n|7V|m)</.|,(z)T^■</.„(z)7^5(e„,e. 
l^—^<t>l{z)<P^oiz){n'\j'\v) + \^n,{en,ernoM^^^^ 



4 £"71 

£0 



The vectors (n| are eigenstates of the xQSM Hamiltonian H(U) which are a linear combi- 
nation of the eigenstates (n*^| of the Hamiltonian H{1) |5l 
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B.2 xQSM Magnetic Densities 

The operator for the magnetic form factors in the xQSM is Oi = j^lz x = 7^ [2; x cr]io 
and the magnetic densities are 

-Lqo(2) = {v\\z){Oi (g) Ti}o{z\\v) + Y,V'^Gn + l{n\\z){Oi Ti}o{z\\n)ni{en), 

^ n 

T^-^iW = E -^(-)''"(^ll^)Oi(^||n)(n||n||^;) 

+^ ^5(en, em){- f"'~^" {n\ In I \m) (m| \z)Oi {z\ \n), 

n,m 

■^M^) = V {n'\\z){OiCSn}o{z\\v){v I n") 

+ 7^5(en,emo)V2G™ + l(m°||z){Ol ®ri}o(z||n)(n | m°), 

-^Qi(;^) =^^^^^^(-)^"(n||z){Oi®ri}i(;2||^;)(^;||Ti||n) 

+ -X]^4(en,em)(-)^'""^"(n||z){Oi 0ri}i(z||m)(m||Ti||n), 

ra,m 

-^7Wo(2) = — ^^{v\\z){Oi®Ti}Q{z\\n){n\-f^\v) 

~^Z]^2(en,em)V2Gm + l(n|7°|m)(m||z){Oi 0ri}o(z||n), 
-1a^i(z) = Y -^{-f"{n\h'n\\v){v\\z)0,{z\\n) 

i J]] 7^2(e„, (n| 17% I |m)(m| |z)Oi (z| |n), 



2 

n,m 

■^M2{z) =Y ^^{v\\z){Oi^nUz\\n'){n^\j'\v 



J]] 7^2(en,er„o)V2G™ + l(m°||z){Ol ®ri}o(z||n)(n|7° 



B.3 xQSM Axial-vector Densities 



Two parts in Eq.( 3.27 ) correspond to the density Eq.( |A.3| ) with the expressions A{z),B{z).. 



once calculated with the operator 

Oi = 7°737^ and once with Oi = ^'^{¥2 7i}io7^ = I ■ {Y2 (g) 7i}io , (B.l) 

yielding once Gi(j{z) and {Y2 Qf{z)}iQ in the tensor-notation of [^], respectively. We 
have for A{z),B{z)...: 

-^^(2) = {v\\z){Oi (g) Ti}o{z\\v) + Y,^'^G + mi{en){n\\z){Oi Ti}o{z\\n), 
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1 

~2 



l^^(^) = H -^{-f-{n\\z)0,{z\\v){v\\n\\n) 

\ J^(-)^"-^'" (m| |z)Oi {z\\n) (n| |ri | |m)7^5(£n, £m), 



- V2G„ + l(n||z){0i ® Tl}o(2||m°)(m°|n)7^5(£ 



sign(£ 



£71 Sr, 



^(-)^"(n||z){Oi 0ri}i(;s||t;)(^;||Ti||n) 



n,m 

■^n{z)= J2 -^{v\\z){0^®n}o{z\\n){n\j'\v) 

+^ E ^2 (£n, em) V^Gm + l(m| |z) {Oi ® ri}o (z| |n) (n|7° |m) , 

n,m 

W^^^) = E —^{-fHv\\z)0,{z\\n){n\\l\,\\v) 

n,m 

W^^^) = E -r^{^\\^){Oi®nUz\\n'){n'\l'\v) 

+ E ^2(en0 , em) + |z){Oi » ri}o(z| |n°)(n°|7 V>- 



B.4 Regularization Functions 

The regularization functions are defined as: 

1 /•°° du 



7^l(£n) 



^6 (^n ) ) 



20r^" ./1 /A2 ^Al^ 



1/A2 

1 e^e""^*" — £„e~"^" 



d« / — 

2 ZyTTU £^ 



l/A^ 
1 /-^ 



n £m 

2,, _^2 

e 



=.2 ^,,=.2 



'l/A2 Lit Em ~ + £n 

2vr .7i/A2 .7o Va(l-a) 



1 sign.,-,, - sigiicm 

2 £n Em 

1 - sign(e„)sign(e 



(B.2) 
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C. Baryon matrix elements 



For the magnetic and axial-vector constants, we can write Eqs.( |A. j , A.3 ) in the following 
forms: 



and 



,(8) 



1 



1(8) 



V3 



-W4 



r^O'pqi^XP 8g ^ ^5 \^xi 88 ^ ' 



V2, 



'X8 -^83 



-^88 



-'^x8-'^83 J' 



e?o(0) 



^(8) ^(8) 
88 



^ X8 -'^83 



-06 



^(8) ^(8) 
-^X3 -^88 



^(8)^(8) 



(C.l) 



(C.2) 



The above densities were evaluated for the constituent quark mass M = 420 MeV and box 
size of 8 fm and yield the parameters Wi, Ui as: Previous numbers for Wi were from the 
normalization of magnetic moments with the experimental nucleon mass. These numbers 
are now with normalization to the soliton- nucleon mass. 



Wi W2 Ws W4 

-12.94 (with A^o) ,_^3 _^_3^ .^..^ , 

-13.64 (without A4o) 



ai 02 03 04 as ae 

2.50 0.90 -0.18 0.02 0.04 

-3.64 (without 



where the parameters wi and ai contain the nis corrections due to A^o 7i. All magnetic 
and axial-vector constants in this work can be reproduced by these parameters. 

We list now the results of the matrix elements needed for the electric, magnetic and 
axial-vector form factors, where we make the following abbreviations: 

dabsDfJ Ja = dD^J, dabsD^fj Ja = dDgJ, S3 = 1/2 

The following matrix elements for the axial- vector and magnetic form factors are consistent 
with those given in Ref. |^. The operators are x = V^^~ and x = V^^~ for the AS* = 
and AS* = 1 transitions, respectively. The isospin relations are: 




(C.3) 



Note that the overall factor of 1/2 in the definition of the quark current operator is 
not included in the following matrix elements. 
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n — > p 


(P8|-D|ra8) 




\fo 1 0/ 


v/2S-3 


1 
2 


7 2 4 
15 "^3 '^27 45 

5 V 3 ~ 3 + "^275^ 3 

7 2 8 
30 *^27 45 




88 y2E-3 
^(8) ^(8) 
^83 ^^s-8 

^8a ^^^-b'^ab3 


8 

45 
2 

45 

11 /T 
45 y 3 


Sg ^ As 


(As 1 1 Sg-) 




(A8 1 1 Sg-) 


-^^/2S-3 

n(8) T 


1 

2 


3 /r „ /T „ 1 /T 

sye noye ^-273 ye 

~ 5y 2 ~ "^loy 2 + '^27 Y 2 

3 fi fi 2 fi 
10 y 6 ''10 y 6 ''273 y 6 




^(8) ^(8) 
^88 -^y2S-3 
^(8) ^(8) 
^83 -^V2S-8 


1 /r 

15 y 6 

1 fl 

15 y 6 

7 /l" 
45 y 2 




(Sg 1 ^ 1 ^s) 






^V2S-3 

n(8) 7 

463^^5._J•^ 


1 

2 

1 
6 


1 /T „_ 2 /T 
3y 2 ''i03y 2 

\/i - r— 2./^ 

y 6 '-lo^y 6 

^ /T „_ 2^ /T 
y 2 ''10 3 y 2 


83 V2S-8 
n(8) r)(8) ^ 




2 /i" 

15 y 2 

1 fl 
5 y 6 


"8 "8 






(H^ 1 1 ) 


\/2S-3 

n(8) 7 

463 -b*^" 


1 

2 


2 1 ^ 4 

T5 +C2745 

"4 /r 4 /r 

5 y 3 ''27 5 y 3 

1 1 ^ 8 
-T5 +'^2745 




^88 '^V2E-3 
83 V2S-8 
^8a D^^_^dab3 


1 

45 

1 
9 

2 /i" 
45 y 3 


— > fis 


("8 1 I) 1 Sg ) 




(ng 1 D 1 Sg-) 


n(8) 7 

463^^2-/" 


1 
2 


2 „ 2 
15 ''27 45 

"4/1, 2 /7 

5 y 3 ^ ''27 5 y 3 

1 „ 4 
15 ^27 45 




88 ^=-3 
83 V2H-8 


1 

90 
1 

18 

1 fl 
45 y 3 


Ag P8 


(P8 1 1 As) 




(P8 1 ^ 1 As) 


V2S-8 
4&3i^J3s_/a 


1 

2 


4 /l"_L^/l"i^. 1 

'5y 6 '-loy 6 ^ ''275y 6 
2 IT , „ fl „ 3 /T 

5y 2 "1" ''loy 2 ''275 y 2 

5V6+^T0V6 + ^275^6 


88 V25-3 
83 v^S-S 


1 fl 
10 y 6 

1 /r 

10 y 6 

2 /r 

15 Y 2 


^8 ^ 8 






i^l 1 ^ 1 Ss") 


dab3D^^_^Ja 


1 

2 

3 


7 /T 1 1 fl , 2 /" 
15 y 2 ''10 3 y 2 '-27 45 y : 

"l/l"_l_^/^ ^2/1 
5y 6 ''loy 6 ''275 y 6 

? /T 1 „ 1 /T 1 „ 4 /i 

V 2 ''10 3 y 2 1-27 45 y 2 


L 


88 v^S-3 
83 V2H-8 


4 /T 
45 y 2 

I fl 
45 y 2 

II /r 

90 Y 6 


^ As 


(A8 1 I) 1 Hg-) 




{^8\D\ Sg-) 


^x/2H-8'^3 


1 

2 

1 


1 /r „ 1 /T 

5 y 6 ''27 5 Y 6 

"3/1, 3/7 

5 Y 2 ^ 27 5 Y 2 

1 /T 2 /T 
v () - ' 5 Y () 








1 fl 
sy 6 

1 /T 
30 Y 2 
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Matrix-elements needed for the electric form factor: 





^(8) £,(8), ^(8) J 


[p\ [x = V2S-] |n> 
{A| [x = V2E-]|S-> 
(EO|[x = v^s-]|s-> 
(H"|[x = ^S-j|H-> 


1 „ fi 9/T„3/T„i/T ]3/T.o/T 

~5V 2 ~ '^rOV 2 +'^271^/5 ~T0V 6 ~'^10 2V 6 ~"=272V 6 + 5 V 6 + ^^27^1^ g 

,/l"„_2/^ 1 
+ V6 '^lO^V 6 2 '^10V2 

, i [T i [T ,1|2 4 8 
+ 5V3-''275V3 +5+^=2715 - ^ C27 


{n|[x = V2S-]|E-> 
(p\ [x = V2S-] |A> 
(S0|[x = V2H-]|H-> 
(A|[x = V2S-]|H-> 


+ iyi+^27§yi +1-^27^ -1+^27^ 

|21|„ „ 3 fT s/r.^s/Ti, 3/T 6/T,6/T 
+ 5 75+^10V 2 ""=275 ^2 -5V e +''"'2V 6 +^27uj\/g -5V6"^275<^g 

+i-\/i + '=ro-\/i "'^27^i/|' -i^\/I+^ro5-\/I + ^=271^^1 c27^-y|' 

+ fyi+C27|yi -TOV^-'^27^yi -§Vl'+^27|yi 




-^88 -^x8 -^8j -^x* 8a ^Xa 


{P\ 

(A| 


X = 

X = 
X = 
X = 


\n) 

IS-) 
IS-) 


-^./i 

" ^15Y 3 15 Y 3 

-^./i 

" 15 V 2 ^15 V 2 

1 /T _i_3 /T 2 /r 

5V6 ~'"5'\/6 5V6 

1 /T 1 7 /T 4 /r 

5^/3 "'"15Y3 15 Ys 


(n| 
(A| 


X = V2E- 
X = V2E- 
X = 

X = V2E~' 


|s-) 

|A) 


+^V^ +nV^ 
1 1 /T 1/1" 

10 Y 2 10 Y 2 

n 1 -L 1 /]" 
^ 15 Ye "^15 Ye 

-i^/i +1^/^ 

" 5 Y 2 ^5 Y 2 
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